Objectives: Delamanid is a new anti-TB drug, but few data exist on its use outside clinical trials. The purpose of this study was to evaluate the efficacy as well as the safety and tolerability of a delamanid-containing regimen for 24 weeks in the treatment of MDR-and XDR-TB.
Introduction
The current treatment for MDR-TB is long, complicated and toxic. As a result, poor treatment outcomes are inevitable; successful treatment was achieved in only 52% and high frequency of loss to follow-up (15%) and death (17%) was observed in a 2013 MDR-TB cohort. 1 In addition, the treatment success rate in patients with XDR-TB was only 26%. The lack of effective drugs is the main challenge for current MDR-TB control.
New drugs, bedaquiline and delamanid, have been recently introduced and promise to improve the treatment outcomes of MDR-TB. Delamanid significantly improved the 2 month culture conversion in a Phase IIb randomized controlled trial (Trial 204) 2 and treatment outcomes (treatment success and mortality) in an extended observational study (Trial 208/116) . 3 A mortality benefit was also observed in XDR-TB. 4 Based on this evidence, delamanid was granted a conditional regulatory approval by the EMA and the WHO published interim policy guidance on delamanid use in 2014. 5 Because delamanid has just been recently introduced, few published data exist on delamanid use outside clinical trials. While clinical trials could provide more objective evidence, data about real-world experience are also important to fill the knowledge gap between clinical trials and actual clinical practice. Recently, two studies regarding early outcomes for patients with MDR/XDR-TB treated with delamanid were published and showed encouraging results. 6, 7 However, these two studies were conducted under a compassionate use programme rather than a routine programmatic setting.
In South Korea, delamanid was introduced in routine clinical practice in November 2015. The objective of this study is to evaluate the efficacy as well as the safety and tolerability of a delamanid-containing regimen in a routine, programmatic setting for MDR-TB treatment.
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Materials and methods

Study sites and subjects
In South Korea, a total of 39245 patients with TB, 852 with MDR-TB and 59 with XDR-TB were newly notified in 2016. 8 Delamanid was approved by the regulatory authority in October 2014 and has been marketed from November 2015 in South Korea. Delamanid is approved for the treatment of pulmonary MDR-TB in adults as part of an appropriate background regimen when an effective treatment regimen cannot be administered because of resistance or intolerability to existing anti-TB drugs. If properly used for the above indication, national medical insurance provides reimbursement for the total cost for 24 weeks of delamanid treatment. During the early periods, the attending physicians individually decided on the administration of delamanid, according to the WHO guidelines. 5, 9 From the official notification in September 2016, the national expert committee has reviewed all delamanid and bedaquiline uses. When physicians intend on prescribing delamanid or bedaquiline to their patients, it is mandatory for them to submit an application form to the committee prior to administering these drugs. The committee grants approval of use, as well as comments on background regimens.
We retrospectively screened patients with MDR/XDR-TB who received delamanid for at least 1 month from 1 November 2015 to 31 January 2017 at six university affiliated hospitals and one national TB hospital in South Korea. To evaluate the interim outcomes as well as the safety and tolerability of a delamanid-containing regimen, we included patients with MDR/XDR-TB who completed delamanid treatment by 31 January 2017, i.e. patients who completed 24 weeks of delamanid treatment or stopped delamanid treatment prematurely.
Study design and data collection
This is a retrospective multicentre observational cohort study. Patient selection and treatment regimen design were conducted independently in each hospital in accordance with the WHO guidelines. 5, 9 The anti-TB agents were administered under directly observed therapy during hospitalization and subsequently self-administered after discharge. Delamanid was administered at a dose of 100 mg twice daily for 24 weeks. Data were retrospectively extracted from the medical records.
The objective of this study was to evaluate the efficacy as well as the safety and tolerability of a delamanid-containing regimen. We determined the proportion of negative culture conversion of sputum at 8 and 24 weeks of delamanid treatment, time to sputum smear and culture conversion, and frequency of serious adverse events, discontinuation of delamanid and QT prolongation.
Efficacy evaluation was performed in patients who had positive culture sputum at the time of initiation of delamanid treatment. The culture was performed using both liquid medium (BACTEC MGIT 960 system; BD Diagnostic Systems, Sparks, MD, USA) and solid medium (Ogawa medium). However, only one of these media was used in some patients. Sputum examinations were repeated every 1 or 2 weeks until culture conversion and at least monthly thereafter. Drug susceptibility testing (DST) was conducted for 15 anti-TB drugs using an absolute concentration method in the Korean Institute of Tuberculosis, Osong, South Korea. DST for delamanid was not conducted. The tested drugs and their critical concentrations for resistance were as follows: 0. Safety evaluation was performed in all included patients. Adverse drug reaction (ADR) was graded based on the Common Terminology Criteria for Adverse Events. 10 The grade of ADR and its relation to delamanid were evaluated by the attending physician in each hospital. ECG data were collected at baseline and subsequently at 1, 2, 4, 8, 12, 16, 20 and 24 weeks of delamanid treatment.
The protocol of this study was approved and the requirement for obtaining an informed consent was waived by the Institutional Review Board of all participating hospitals.
Definitions
MDR-TB was defined as TB that was resistant to both isoniazid and rifampicin. XDR-TB was defined as MDR-TB further resistant to any fluoroquinolone and at least one of the three second-line injectable drugs (SLIDs; kanamycin, amikacin or capreomycin). Pre-XDR-TB was defined as MDR-TB further resistant to either a fluoroquinolone or any SLID, but not both. Uncomplicated MDR-TB was defined as MDR-TB without additional resistance to fluoroquinolones and SLIDs.
Baseline data were defined as the data collected at the time of initiation of delamanid treatment. Sputum smear and culture conversion were defined as two consecutive negative results, collected at least 30 days apart, in a patient with a positive specimen at baseline. The time of sputum smear or culture conversion was defined as the day of sputum collection for the first of two consecutive negative results.
A serious adverse event was defined as any ADR that results in any of the following outcomes: death, life-threatening event, hospitalization, disability or permanent damage, required intervention to prevent permanent impairment or damage, and other serious important medical events. QT interval was corrected for heart rate using Fridericia's Correction Formula (QTcF). 11 A prolongation of the QT interval was defined as an increase in QTcF of 60 ms from the baseline or QTcF of .500 ms at any timepoint. 12 
Statistical analysis
Continuous variables are presented as medians with ranges or means with standard deviations, and categorical variables are presented as frequencies and percentages. One-way analysis of variance was used to assess intergroup differences in continuous variables. Pearson's v 2 test or Fisher's exact test was used to compare categorical variables. The Kaplan-Meier curve was used to determine the time to sputum smear and culture conversion. P , 0.05 was considered significant. The statistical analyses were performed using SPSS Statistics, version 17.0 (SPSS Inc., Chicago, IL, USA).
Results
Patient characteristics
A total of 62 patients received delamanid for at least 1 month in the study sites during the study period; 30 of them were excluded because they were still taking delamanid on 31 January 2017. None of them prematurely and permanently discontinued delamanid. A total of 32 patients were included and all completed 24 weeks of delamanid treatment. The median age was 44.5 years (range " 22-82) and 22 (68.8%) were male ( Table 1 ). All patients were HIV negative. Of the 32 patients, 12 (37.5%) had at least one comorbidity.
All patients had pulmonary TB, of which two had concomitant extrapulmonary TB (meningitis and pleurisy, respectively). When patients were categorized based on their previous treatment histories, 12 (37.5%) were new patients, 3 (9.4%) had been treated previously with the first-line drugs only and 17 (53.1%) had been treated previously with second-line drugs. A median of 9 (range " 2-13) of the 15 tested drugs showed resistance on baseline DST. Drug susceptibilities and companion drugs are shown in Table 2 . When patients were categorized based on drug-resistance Mok et al.
pattern, 6 (18.8%) had uncomplicated MDR-TB, 4 (12.5%) had pre-XDR-TB with SLID resistance, 16 (50.0%) had pre-XDR-TB with fluoroquinolone resistance and 6 (18.8%) had XDR-TB.
Treatment
Of the 32 patients, 23 (71.9%) received delamanid within 30 days from the initiation of MDR-TB treatment, while 9 (28.1%) received it as an add-on to their existing regimen at a median of 251 days (range " 67-404) from the initiation of MDR/XDR-TB treatment.
The treatment regimen included a median of five companion drugs (range " 4-9), of which a median of three drugs (range " 1-5) were susceptible on DST and a median of two drugs (range " 0-5) were susceptible and had never been previously used. A median of one drug (range " 0-4) in group 5 was administered to 23 (71.9%) patients. The companion drugs administered to 32 patients are shown in Table 2 . Injectable drugs were administered to 22 (68.8%) patients, fluoroquinolones to 17 (53.1%), linezolid to 23 (71.9%) and clofazimine to 8 (25.0%). One patient received a lobectomy after 8 weeks of delamanid treatment. Twenty (62.5%) patients were hospitalized for a median of 51.5 days (range " 3-445) from delamanid initiation.
Microbiological outcome
Efficacy evaluation was performed in 19 patients (59.4%) who had positive culture sputum at baseline. Culture results of both liquid and solid media were available in 13 patients, only solid medium in five patients and only liquid medium in one patient. The proportion of culture conversion at 8 weeks was 72.2% (13 of 18) in solid medium and 50.0% (7 of 14) in liquid medium. The proportion of culture conversion at 24 weeks was 94.4% (17 of 18) in solid medium and 92.9% (13 of 14) in liquid medium. Only one patient failed to achieve culture conversion during 24 weeks of delamanid treatment. This patient had previously failed to respond to treatment with second-line drugs and was infected with an MDR-TB strain that was additionally resistant to fluoroquinolones and prothionamide. All of the 13 patients who had negative cultures at baseline maintained a culture-negative status at 24 weeks of delamanid treatment. The median time to culture conversion was 33 days (range " 5-81) using solid medium and 57 days (range " 8-96) using liquid medium. The median time to smear conversion was 50 days (range " 7-141) in 14 patients who had smear-positive sputums at baseline.
Safety and tolerability
Safety and tolerability were assessed in all the 32 patients included in the study. During the 24 weeks of treatment with a delamanidcontaining regimen, 75 ADRs were reported in 25 (78.1%) patients. Twelve patients had comorbidities as follows: diabetes mellitus was the most common (n " 4, 12.5%), followed by cardiovascular disease (n " 3, 9.4%), chronic respiratory disease (n " 3, 9.4%), chronic kidney disease (n " 2, 6.3%), gout (n " 2, 6.3%), psychiatric disease (n " 2, 6.3%) and chronic liver disease (n " 1, 3.1%).
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Of these, 48 ADRs in 18 patients were considered possibly (81.3%), probably (12.5%) and definitely (6.3%) related to delamanid (Table 3) . The most frequent ADRs were nausea, vomiting and dyspepsia. The majority of ADRs were considered as grade 1 (50.0%) or grade 2 (43.8%). Grade 3 ADR was QT prolongation, which occurred in three patients. Serious adverse event or death was not observed. All the 32 patients completed the 24 weeks of delamanid treatment. Four patients transiently discontinued delamanid (two experienced QTcF interval of .500 ms probably due to delamanid, one experienced elevated ALT probably due to pyrazinamide and one experienced tremor probably due to linezolid). Of the 32 patients, the baseline QTcF interval was a mean of 419.7 ms and the maximal QTcF increase was a mean of 27.7 ms during delamanid treatment. The maximal QTcF increase was significantly higher in patients who received clofazimine than those who did not receive clofazimine (Table 4) . Three patients experienced QTcF interval of .500 ms at 4 weeks (n " 1) and 12 weeks (n " 2) from delamanid initiation and two of them received clofazimine as a companion drug. Two of the three patients transiently discontinued and subsequently reintroduced delamanid at 7 and 10 days after discontinuation of delamanid, respectively. All the three patients completed 24 weeks of delamanid treatment without significant adverse events or further QT prolongation after reintroduction. A clinically significant arrhythmia or event was not observed in any of the included patients.
Discussion
To the best of our knowledge, this is the first report in a routine, programmatic setting for MDR-TB treatment regarding interim outcomes for patients with MDR/XDR-TB who were treated with delamanid-containing regimens for 24 weeks. This study showed that delamanid-containing regimens achieved 95% culture conversion at 6 months as well as acceptable safety and tolerability.
As the new drugs have been introduced in real clinical practice, several questions about their rational use were raised such as: (i) How much can the new drugs improve the treatment outcome in difficult-to-treat patients treated with existing drugs? (ii) What is the optimized background regimen combined with the new drugs? (iii) Are these new drugs safe and tolerable in various combinations with the existing drugs? The result of our study may provide some answers to these questions.
Compared with the results of the previous clinical trials (Trial 204 and Trial 208/116), 2,3 the proportion of culture conversion at 2 months was comparable (72% versus 54% in solid medium; 50% versus 45% in liquid medium) and the proportion of culture conversion at 6 months was probably higher. The results of this study could not be directly compared with those of the previous clinical trials because of the heterogeneity in the study population. In our study, the proportion of patients who had been previously treated with second-line drugs was higher than that of Trial 204 (53.1% versus 37.8%). 2 In addition, our patients had a TB strain with a higher level of additional drug resistance. Of the 19 patients with a positive culture sputum at baseline, only 1 (5.3%) had uncomplicated MDR-TB, 2 (10.5%) had pre-XDR-TB with SLID resistance, 12 (63.2%) had pre-XDR with fluoroquinolone resistance and 4 (21.1%) had XDR-TB. In contrast, the proportion of XDR-TB in Trial 204 was 5.4%. 2 Despite the high level of additional drug resistance in our study, a delamanid-containing regimen could achieve 95% culture conversion at 6 months. Our 6 month culture conversion rate is probably higher than that of the previous cohort studies using the conventional second-line drugs. In a meta-analysis of individual patient data for MDR-TB treated with the conventional second-line Mok et al.
drugs, treatment success was 64%, 56%, 48% and 40% in MDR-TB, pre-XDR-TB with SLID resistance, pre-XDR-TB with fluoroquinolone resistance and XDR-TB, respectively. 13 In South Korea, the largest retrospective multicentre study (n " 1407 patients with MDR-TB) published in 2008 indicated a treatment success rate of 46.2% in MDR-TB and 29.3% in XDR-TB patients.
14 In 2016, a prospective multicentre study (n " 151 patients with MDR-TB) reported an 82.1% treatment success rate in patients with fluoroquinolonesusceptible MDR-TB. 15 The high culture conversion rate of our study is comparable to that of the cohort studies on the compassionate use of delamanid 6, 7 and bedaquiline. 16, 17 Similar to our study, the majority of subjects in these studies were pre-XDR-and XDR-TB patients, and had received linezolid as a companion drug. Such real-world experiences, including our study, reflect the current role of new drugs and the general approach of choosing a companion drug in the treatment of highly resistant MDR-TB. Two new drugs are currently recommended when an effective and reasonably well-tolerated MDR-TB regimen cannot be composed. In these patients with difficult-to-treat MDR-TB, linezolid has been used as a core drug in real clinical practice. Linezolid has demonstrated its efficacy in several meta-analyses 18, 19 and two randomized controlled trials. 20, 21 Based on this evidence, linezolid was recently included in the core second-line drugs by the WHO. 22 In our study, 16 (84.2%) of the 19 patients with positive culture sputum at baseline received linezolid. Linezolid probably contributed to the high culture conversion rate in our study.
This study could not demonstrate the efficacy of delamanid alone in MDR-TB treatment. However, our result suggests that the rational use of delamanid combined with repurposed or existing drugs could achieve a high culture conversion rate even in pre-XDR-TB and XDR-TB patients. Although the current role of new drugs is primarily focused on strengthening the conventional regimen for patients with difficult-to-treat MDR-TB, the potential for shortening the treatment duration is expected to become a crucial target in the near future. Several clinical trials for shorter treatment regimens using the new drugs are ongoing. 23 This study showed that delamanid was safe and tolerable when combined with various existing anti-TB drugs. One of the major concerns using delamanid is QT prolongation. In our study, transient QTcF prolongation was observed in 9.4% (3 of 32) of patients, which is very similar to participants who received 100 mg of delamanid in Trial 204 (9.9%) and 208 (9.1%). 24 Although QTcF prolongation in delamanid-treated patients reached its peak by week 8 and did not further increase in the clinical trials, 24 two of the three patients developed QTcF prolongation at 12 weeks of delamanid treatment in our study. In contrast to the previous clinical trials, we included 4 (12.5%) patients .65 years old and 12 (37.5%) patients who received moxifloxacin, which had been excluded or prohibited in the previous clinical trials. None of them developed QTcF of .500 ms. In contrast, two of the three patients who experienced QTcF interval of .500 ms received clofazimine as a companion drug, which was consistent with findings in a recent report. 6 Delamanid could be reintroduced safely in all patients within 10 days of discontinuation.
This study has several limitations. First, it has an inherent limitation because it is a retrospective observational study conducted in seven hospitals. As patient management was not performed under a single protocol, some data were missing, particularly for 5 of the 19 patients who lacked culture results using liquid medium. Second, the number of included patients was small. Third, our result was an interim outcome of a 24 week treatment rather than a final outcome. The culture conversion rate at 6 months is not a perfect surrogate for predicting successful final outcomes, but it has higher sensitivity than the culture conversion rate at 2 months in patients treated with a conventional MDR-TB regimen. 25 Further studies including more patients with long-term follow-up in different settings are warranted.
In conclusion, the use of delamanid combined with optimized background regimens has the potential to achieve high culture conversion rates at 24 weeks with an acceptable safety and tolerability profile in patients with MDR/XDR-TB.
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